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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL NOTE D-79 

HIGH-TEMPERATURE TENSILE PROPERTIES OF 

WROUGHT SINTERED TUNGSmN 

By Paul F. Sikora and Robert W. Hall 

SUMMARY 

Specimens from 1/2-inch-diameter, commercially pure, sintered, and 
swaged bars supplied by five producers were evaluated in short-time ten- 
sile tests at temperatures from 2500' to 4400' F. 
the decrease in ductility of tungsten at high temperatures determined 
in a previous investigation is characteristic of commercially pure sin- 
tered tungsten. However, an appreciable amount of ductility is still 
retained up to 4400' F. 
about 10,600 at 3500' to 4400 psi at 4400° F. 

Results showed that 

The tensile strength of tungsten decreased from 

INTRODUCTION 

The refractory metals are becoming increasingly important as poten- 
tial structural materials in high-speed aircraft, missiles, and space 
vehicles. Tungsten, in particular, is being considered for these appli- 
cations because of its high melting point (6170' F) and relatively high 
strength at temperatures above 3000' F . However, the available inf orma- 
tion on the mechanical properties of tungsten above 2500° F is very 
limited. In a previous investigation (ref. l), the short-time tensile 
properties of commercially pure tungsten from one commercial supplier 
were determined in the temperature range of 2500' to 3700' F. 
pose of the present study was to extend the data to a higher temperature, 
4400' F. 
a decrease in ductility above about 3100' F. A second purpose of the in- 
vestigation reported herein was to determine whether this decrease in 
ductility at high temperatures was generally characteristic of commer- 
cially pure tungsten or only of the one lot of material previously eval- 
uated. Commercially pure tungsten bars supplied by five different pro- 
ducers were therefore subjected to short-time tensile tests at temp, era- 
tures ranging from 2500' to 4400° F. 

One pur- 

In the previous study, it was observed that tungsten exhibited 



MATERIALS, APPARATUS, AND PROCEDURE 
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Swaged 1/2-inch-diameter bars of commercially pure sintered tung- 
sten supplied by five different producers were evaluated. The process- 
ing schedules for the various bars were those ordinarily used by the in- 
dividual producers. No attempt was made to procure materials of identi- 
cal chemical composition, grain size, or working history, since one of 
the purposes of the investigation was to determine the variability of 
high-temperature strength and ductility properties of commercial grades 
of tungsten. However, a nominal purity of 99.9 percent tungsten was 
spec if ied . 

The results of chemical analyses of samples from the as-received 
bars are shown in the following table: 

3ource 

2 10 
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260 

340 

160 

Composition, ppm by weight 

25 

43 

35 

45 

35 

38 

“Spectrographic analysis. 
bConductometric analysis. 
‘Leeo oxygen determinator. 
dMicrok.jeldahl plus colorimetric using Nessler’ s 

eCombustion method. 
reagent. 

Density of the swagzd bars was greater than 19.2 grams per cubic 
centimeter. Material A was the material evaluated in the previous study 
(ref. 1). 

Tensile specimens of the type shown in figure 1 were machined from 
the 1/2-inch-diameter swaged bars and were evaluated in the as-received 
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condi t ion.  Microstructures of t he  as-received ba r s  a r e  shown i n  f i g -  
ure  2 .  

Apparatus 

The equipment and t e s t  procedures used were those descr ibed i n  r e f -  
erence 1, bu t  some modifications were required t o  permit t e s t i n g  a t  tem- 
pera tures  above 3700° F. The 15-kilowatt ,  radio-frequency, induction 
hea te r  used i n  the  previous s tudy w a s  replaced by a 30-kilowatt motor- 
generator  s e t  with a frequency of 9603 cycles  pe r  second. This required 
modification of t he  induction c o i l  and t h e  use of a heavier-walled sus- 
ceptor  tube .  For t h i s  s tudy,  a seamless tantalum tube, 2 inches long by 
3/4-inch ou te r  diameter with a 0.060-inch-thick w a l l  w a s  heated by a two- 
t u r n  induct ion c o i l .  The tantalum susceptor w a s  posi t ioned and insu- 
l a t e d  from the  c o i l  i n  t he  manner previously described ( r e f .  1). For 
terrrperatures up t o  3500' F, Inconel gr ips  were used; f o r  higher tempera- 
t u r e s ,  g r i p s  were f ab r i ca t ed  from a molybdenum plus  0.5-percent-t i tanium 
a l l o y .  F igure  3 shows the  arrangement of t he  s t r a i n  column and t h e  
hea ter  i n  t h e  t e s t  chamber. 
s i l e  t e s t  equipment is shown i n  f i g u r e  4. 

A photograph of t he  high-temperature ten-  

Procedure 

Temperature measurement. - A s  i n  the previous study, temperature WR.S 

measured with a tungsten-molybdenum thermocouple spot-welded t o  the  sur-  
f ace  of t h e  t e n s i l e  specimen a t  i t s  midpoint. Cal ibra t ion  of t he  thermo- 
couple w a s  extended from 3700' t o  4500' F by  placing the  thermocouple in  
a black body enclosure and measuring i t s  temperature with a ca l ib ra t ed  
o p t i c a l  pyrometer. 

The t e s t  temperature reported i n  t a b l e  I is t h e  maximum temperature 
of t h e  specimen. 
t he re  i s  a long i tud ina l  temperature gradient  along it, as descr ibed i n  
re ference  1. 

Because the  specimen is gripped outs ide  t h e  hea ter ,  

Test  procedure. - All tests were conducted i n  a vacuum of l e s s  than 
2 microns. The specimen w a s  heated t o  the test  temperature i n  about 15 
minutes and he ld  a t  temperature f o r  an  addi t iona l  15 minutes. It w a s  
then loaded t o  f r a c t u r e  a t  a constant  crosshead speed of 1/16 inch p e r  
minute. A commercial, screw-driven, t e n s i l e - t e s t i n g  machine w a s  used; 
t h e  load-against-t ime curve w a s  automatical ly  recorded. Total-elongation 
measurements of t h e  f r a c t u r e d  specimens were made by f i t t i n g  t h e  f r ac -  
t u red  halves toge ther  and measuring t h e  d is tance  between two 1 5 - m i l  w i r e s  
t h a t  had been spot-welded t o  the  specimen p r i o r  t o  t e s t i n g  1/2 inch above 
and below i t s  midpoint. Percent-elongation values were ca l cu la t ed  ( t a b l e  
I)  assuming an e f f e c t i v e  gage length of 1 inch. 
what low s ince  the  a c t u a l  gage length  i s  less than 1 inch because of t he  
long i tud ina l  temperature gradient  i n  the  specimen. 

These values a r e  some- 
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RESULTS AND DISCUSSION 

Comparison of tensile properties of tungsten from different pro- 
ducers. - The results of the high-temperature tensile tests are pre- 
sented in table I and figure 5. The ductility values (figs. 5(b) and 
(e)) indicate that a decrease in ductility at high temperatures is char- 
acteristic of commercially pure, sintered, and swaged tungsten and not 
just of the material studied in reference 1. However, the ductility is 
still appreciable up to 4400' F. Reduction-in-area data for the differ- 
ent lots of tungsten (fig. 5(b)) were similar. A l l  specimens fractured 
with localized necking and high ductility (85 to 95 percent reduction of 
area) at 2500' F, but without localized necking and with relatively low 
ductility (below 42 percent reduction of area) at temperatures above 
3500° F. Elongation followed a slightly different pattern in that three 
of the four lots of material for which elongation measurements were made 
showed a maximum elongation at 3000' F and a fairly rapid decrease in 
the 3000' to 3800' F range. (Elongation measurements were not made on 
material A in the previous investigation (ref. l).) Material from 
source E showed much less elongation at 3000' F and exhibited its max- 
imum elongation at 3500' F (fig. 5(c)). Reasons for the change in the 
mode of fracture of tungsten at high temperatures are not known, and 
work aimed at understanding this phenomenon is continuing. 

The curve of tensile strength against temperature (fig. 5(a)) for 
material from source E differed from those for materials from the other 
sources. The tensile strength at 2500' F for the E material was consid- 
erably lower than that of the others; however, at 3000' F, this material 
was stronger than the others. This suggests that the tungsten from 
source E was less severely strain-hardened and thus had a higher recrys- 
tallization temperature than did the other materials. An alternate pos- 
sibility is that the tungsten from source E may have been "doped1' with 
additives, which could influence the high-temperature strength by their 
effects on recrystallization and grain growth. Such additives are com- 
monly added to tungsten intended for lamp-filament use and are known to 
influence grain structure at high temperatures. Since these additives 
mny vclztilize during the sintering process, the fact that they have been 
used is not usually revealed by chemical analysis. At temperatures above 
3500° F (where the effects of strain-hardening would be expected to have 
been removed by annealing) material from all sources had about the same 
strengths. The average values for the specimens evaluated were 10,600 
at 3500°, 6500 at 4075', and 4400 psi at 4400' F . 

Metallographic examination of fractured specimens. - Portions of 
a11 tilt: fl.act-ured sp-- cL iL1lcllo 'mnn"  were polished and examined metallographically 
to determine whether there were differences in recrystallization, grain 
growth, or deformation behavior of tungsten from the various sources. 
These examinations revealed no apparent reason for the different tensile 
properties of material from source E in the 2500' to 3500' F temperature 
range. 
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Tliere were, however, some d i f fe rences  among t h e  materials t h a t  may 
be s i g n i f i c a n t .  
widely d i f f e r i n g  amounts of p o r o s i t y  in  t h e  f r a c t u r e  region a f t e r  tes ts  
a t  2500' F. Material from source B had almost no po ros i ty  i n  t h e  f r a c -  
t u r e  zone, while material from source D showed considerable  po ros i ty  
(voids  or cracks,  f i g .  6 ) .  
an intermediate  amount of poros i ty .  This po ros i ty  i n  t h e  f r a c t u r e  zone 
apparent ly  d i d  not  s e r i o u s l y  a f f e c t  the t e n s i l e  s t r eng th  of t h e  tungsten 
from source D, f o r  it w a s  only s l i g h t l y  l e s s  s t rong  a t  2500' F than ma- 
t e r i a l  from source B and w a s  considerably s t ronge r  than ma te r i a l  from 
other  sources t h a t  showed less porosi ty .  

For example, mater ia ls  from d i f f e r e n t  sources exhib i ted  

Material from t h e  o ther  sources exhib i ted  

Metallographic examination a l s o  revealed t h a t  t he re  were s i g n i f i -  
cant  d i f fe rences  i n  g ra in  s i z e  of t h e  materials a t  temperatures above 
3500' F . There d i d  no t ,  however, appear t o  be any c o r r e l a t i o n  between 
g ra in  s i z e  and high-temperature s t rength  or d u c t i l i t y .  
f i g u r e  7 compares the  microstructures  a t  3750' F of t h e  coa r ses t  grained 
material ( E )  with t h a t  of t he  f i n e s t  grained ma te r i a l  ( B ) .  Despite t h e  
r e l a t i v e l y  l a r g e  d i f f e rence  i n  gra in  s i z e  of t hese  specimens, t he  
s t r eng ths  were not  g r e a t l y  d i f f e r e n t  (8140 p s i  f o r  material from source 
B compared with 7650 p s i  f o r  material from source E ) .  S imi la r ly ,  t h e r e  
w a s  l i t t l e  d i f f e rence  i n  the  f r a c t u r e  d u c t i l i t i e s  of t hese  ma te r i a l s  ( 2 5  
percent  reduct ion i n  a r e a  f o r  t h e  B mater ia l  and 26 percent  reduct ion i n  
area f o r  t h a t  from source E ) .  

For example, 

SUMMARY OF FESULTS 

The fol lowing r e s u l t s  were obtained from an inves t iga t ion  of t h e  
high-temperature t e n s i l e  p rope r t i e s  of commercially pure,  s i n t e r e d ,  and 
swaged tungsten:  

1. The t e n s i l e  s t r eng th  of tungsten decreases  r e l a t i v e l y  s lowly i n  
t h e  3500' t o  4400' F temperature range. 
s t r e n g t h  f o r  t h e  specimens evaluated were 10,600 a t  3500°, 6500 a t  4075O, 
and 4400 p s i  a t  4400' F. 

Average values of t e n s i l e  

2 .  The decrease i n  d u c t i l i t y  of tungsten with increas ing  temperature 
above 2500' F,  as measured by reduction i n  area a t  f r a c t u r e  i n  t e n s i l e  
tests,  appears t o  be c h a r a c t e r i s t i c  of commercially pure s i n t e r e d  tung- 
s t en .  Mater ia l  from f i v e  d i f f e r e n t  producers behaved s i m i l a r l y  i n  t h i s  
respec t .  

Lewis Research Center 
National Aeronautics and Space Administration 

Cleveland, Ohio, J u l y  13, 1959 
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TABLE I. - SHORT-TIME TENSILE PROPERTIES OF SWAGED TUNGSTEN 
ir 

FROM FNE COMMERCIAL PRODUCERS 

K) m 

w Y' 
Test 

OF 
temperature , 

Ultimate tensile 
strength, 

psi 

Elongation 
in 1-in. 

gage length, 
percent 

Reduction 
in area, 
percent 

95 
94 
94 
86 
87 

Source 

A" 
B 
C 
D 
E 

A" 
B 
C 
D 
E 
E 

2500 49,350 
52,200 
45 , 400 
50,600 
37,800 

-- 
25 
26 
25 
25 

3000 ------ 
21,200 
21,000 
20,250 
29,900 
29,500 

-- 
73 
78 
81 
.7 9 
79 

-- 
46 
47 
51 
22 
20 

-- 
-- 
0" 
L.3 

32 
25 
35 

3120 A" 15,220 78 

3500 Aa 
3 
C 
D 
E 

10,130 

10,850 
11,250 
9,180 

ii rnn r r , L J v w  

34 
28 
41 
34 
42 

3 750 A 
B 
C 
D 
E 

8,380 
8,140 
8,140 
8,590 
77650 

31 
25 
35 
20 
26 

-- 
21 
27 
15 
23 

40 75 6,080 
6,810 
6,890 
6,840 
5 , 820 

38 
23 
25 
24 
16 

A 
B 
C 
D 
E 

A 
B 
C 
D 
E 

-- 
18 
21 
21 
15 

-- 
23 
22 

15 
-- 

4,260 
4,080 
4,710 
4,580 
4,590 

4400 36 
30 
26 
22 
16 

aData f i o m  ref. 1. 
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Figure 1. -'Tensile specimen. (All 
dimensions in inches. ) 
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Figure 2. - Microstructure of as-received tungsten from five producers. 
Longitudinal section. X250. 
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Figure  4 .  - High-temperature t e n s i l e  t e s t  equipment. 
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Figure 5. - Effect of temperature on various properties of as-swaged 
tungsten from five different sources in short-time tensile tests. 
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Figure 5. - Continued. Effect of temperature on various proper- 
ties of as-swaged tungsten from five different sources in 
short-time tensile tests. 
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Figure 5. - Concluded. Effect of temperature on various proper- 
ties of as-swaged tungsten from five different sources in 
short-time tenslle tests. 
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Source B 

Source D 

Figure 6. - Comparison of porosity at f r a c t u r e  face of 
materials from two sources a f t e r  evaluat ion a t  25000 
F .  X250. 
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Source B 

Source E I 
Figure 7 .  - Comparison of r e c r y s t a l l i z e d  gra in  s i z e  a t  

f r a c t u r e  zone of mater ia l s  from two sources after 
evaluat ion a t  37500 F .  X250. 
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